Research on Class-Based Storage Strategies for Flood Control Materials Based on Grey Clustering by Wang, Wei et al.
water
Article
Research on Class-Based Storage Strategies for Flood
Control Materials Based on Grey Clustering
Wei Wang 1 , Li Huang 2,*, Weiwei Le 3, Yu Zhang 1, Peng Ji 1 and David Proverbs 4
1 College of Harbor, Coastal and Offshore Engineering, Hohai University, Nanjing 210098, China;
13813826667@hhu.edu.cn (W.W.); ozzyzhang1@163.com (Y.Z.); ji__peng@163.com (P.J.)
2 School of Public Administration, Hohai University, Nanjing 210098, China
3 Business School, Sichuan University, Chengdu 610065, China; 2017225025125@stu.scu.edu.cn
4 Computing, Engineering and Built Environment at Birmingham City University, Birmingham B4 7XG, UK;
david.proverbs@bcu.ac.uk
* Correspondence: lily8214@126.com; Tel.: +86-25-8378-7354
Received: 13 September 2018; Accepted: 19 October 2018; Published: 25 October 2018


Abstract: Scientific and rational class-based storage can effectively improve the management level
of flood control materials, providing assurance for the material support that is essential in flood
control. Based on an analysis of the three key factors—importance, cost, and reserve—of flood control
materials and combined with the correlations of different classes of materials, a comprehensive
evaluation index system and a class-based model for these materials are developed using the grey
clustering method. An empirical analysis is also conducted based on the realistic requirements of a
warehouse of the Jiangsu provincial water conservancy and flood control materials reserve centre,
which results in the proposal of a class-based materials storage strategy for this warehouse.
Keywords: flood control materials; grey clustering; class-based storage
1. Introduction
In the history of the development of human society, water has been regarded as an important
natural resource of irreplaceable significance in the promotion of the development of social economy.
However, flood hazards with frequent, multiple, and complicated occurrence have brought severe
damages to the life and property of the people, especially in areas with a high flood occurrence
frequency. Flood disasters are usually easily predicted and prevented compared with other natural
disasters [1]. Some preparatory activities may be made in advance to prevent flooding from actually
happening [2,3]. Therefore, we shall attach great importance to work related to flood control,
the preparation to control and fight against great floods, and deal with emergencies.
To keep to the concept of all-time preparedness, we shall first guarantee adequate reserves and
the good management of flood-prevention materials, which, as the prerequisite and safeguard of
different flood-controlling measures, are of direct relation to the smooth progression of work related to
flood control.
Emergency logistics are of vital significance in flood fighting, on which relevant researchers have
already conducted preliminary studies. However, flood emergency preparedness lacks insight into
logistical aspects [4,5]. Garrido et al. put forward a model to assist decision-makers in the logistics of a
flood emergency. The model attempts to optimize inventory levels for emergency supplies as well as
vehicles’ availability, in order to deliver enough supplies to satisfy demands with a given probability.
This methodology emerges as a valuable tool to help decision makers to allocate resources both
before and after a flood occurs, with the aim of minimizing the undesirable effects of such events [6].
Leeuw et al. developed a framework of logistical aspects of emergency measures that support
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preventing the catastrophic breaching of flood defences during extreme situations. The Netherlands
is taken as a reference because large parts of the country are prone to flooding. Furthermore, the
Netherlands has a long-standing experience with implementing flood emergency measures. This paper
is particularly focused on the role of Water Boards, the Dutch government agencies responsible for
securing flood defences [7]. Alem et al. develop a new two-stage stochastic network flow model
to help decide how to rapidly supply humanitarian aid to victims of a disaster within this context.
The model takes into account the practical characteristics that have been neglected by the literature
so far, such as budget allocation, fleet sizing of multiple types of vehicles, procurement, and varying
lead times over a dynamic multiperiod horizon. By attempting to improve demand fulfilment policy,
we present some extensions of the model via state-of-art risk measures, such as semi-deviation and
conditional value-at-risk. A simple two-phase heuristic to solve the problem within a reasonable
amount of computing time is also suggested. Numerical tests based on the floods and landslides
in the Rio de Janeiro state, Brazil, show that the model can help plan and organise relief to provide
good service levels in most scenarios, and how this depends on the type of disaster and resources [8].
These researches mainly focus on the macroscopical emergency logistics organization for flood control.
Flood control materials form the bedrock for flood control and provide important assurances for
rescue work. As society becomes increasingly demanding of flood control, the scientific and rational
storage of flood control materials has become a key condition for guaranteeing security during flood
control. It has been noted that the dispatch of flood control materials from warehouses is characterised
by few varieties, few batches, and large quantities. Therefore, this study analyses the warehousing
and storage strategy for flood control materials, which is useful for lowering access costs, increasing
warehouse space utilization, and outflow efficiency, and is, theoretically and practically, important for
improving the reserve management level of flood control materials and guaranteeing supply.
A class-based storage strategy has drawn immense attention from researchers since it was
proposed by Hausman [9]; moreover, this strategy has been widely applied in commercial logistics.
Larson et al. conducted a study on a class-based storage strategy with the goal of increasing floor space
utilisation and decreasing the material handling distance [10]. Thonemann, Byung, Ene et al. applied
the turnover rate to classify items, and storage locations were assigned based on the classification
results [11–13]. Brynzer, Mantel et al. proposed the concept of materials correlation using the
probability of materials appearing together in the same order according to the order history as a
basis for class-based storage [14,15]. Li conducted a heuristic classification of products by using an
algorithm, considering the underlying factors, and grouping them to set up a highly efficient dispatch
centre [16]. Using a heuristic approach, Muralidhran et al. studied a storage strategy that combined
automated warehouses using both random and class-based storage [17].
Compared with the prosperity of commercial logistics, few studies exist on the class-based
storage of emergency materials, and most of the existing studies are qualitative instead of quantitative.
Arreola-Risa et al. hypothesised that the intervals between emergencies and the time at which
emergency materials are supplied follow a certain function distribution; thereby, they studied the
class-based storage of emergency materials to respond to emergencies [18]. Banomyong et al. used a
Monte Carlo simulation to perform a reliable and effective validation of emergency logistics response
models and recommended a framework for materials storage. In addition to the ABC classification
method [19], Gajpal et al. also studied the FSN and VED classification methods and performed
optimisation according to the various situations [20]. Axsater designed a heuristic algorithm for
triggering emergency orders in an inventory system, maximally reducing the expected inventory cost
of emergency materials in the reserve [21]. Chang addresses the analysis of the travel distance and
the number of storage locations for storage location allocation methods in a warehouse system [22].
Grey clustering has been widely adopted for forecasting, estimation, and control since it was proposed
by Professor Deng Julong [23,24]. Based on fuzzy clustering, Guo and Zhang classified emergency
materials and explored the various emergency materials storage models [25]. However, to the best
of authors’ knowledge, a quantitative study on strategies for the class-based storage of emergency
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materials has been seldom reported on. Certainly, no one has investigated class-based storage strategies
of flood control materials quantitatively.
Thus, the research problem addressed in this paper is how to construct class-based storage
strategies for flood control materials in a quantitative manner. This study has an important practical
significance and research value and can effectively fill the gap. Based on existing research results
and common class-based storage strategies, this paper established an evaluation index system to
classify flood control reserve materials. An evaluation model for the class-based storage of flood
control materials was constructed based on grey clustering. Taking the Zhenjiang branch warehouse
of the Jiangsu provincial water conservancy and flood control reserve materials centre as an example
and considering the characteristics and requirements of flood control materials according to the roles
and functions of different materials in flood rescue, a class-based storage management strategy was
proposed to improve the warehouse outflow efficiency of flood control materials.
2. Analysis of Storage Strategies for Flood Control Materials
Table 1 presents the commonly used storage strategies [26]—fixed location storage, random
location storage, class-based storage, class-based random storage, shared storage, and item-location
coupling storage—and a comparison of their characteristics, advantages, and disadvantages.
Table 1. The comparison of the different storage strategies characteristics.
Strategy Characteristics Advantages Disadvantages
Fixed location
storage
Materials are stored based on
the turnover rate or
warehouse outflow frequency
of materials.
Can shorten the gap
between the warehouse
inflow and outflow
operations.
Reduces the efficiency of the
warehouse space utilisation.
Random
location
storage
Materials are stored near the
entrance/exit of the
warehouse in a sequence
based on the time that they
enter the warehouse.
Locations can be shared.
More difficult to perform
inventory management;
reduces the warehouse
inflow and
outflow efficiency.
Class-based
storage
Materials are stored based on
factors such as product
correlativity, fluidity,
dimensions and
characteristics.
Good for storage of
hot-selling items.
Reduces the efficiency of the
storage space utilisation.
Class-based
random
storage
Every class of materials is
stored in a fixed location in a
warehouse zone, but the
location assignment
is random.
Saves on the number of
locations; increases
warehouse utilisation rate.
Makes it more difficult to
manage the warehouse
inflow and outflow of
materials and inventory
maintenance.
Shared
storage
Different materials share the
same location.
Saves storage space and
moving time.
Makes management more
complicated.
Item-location
coupling
storage
Partitioned assignment is
executed separately for
locations and materials.
Materials are stored in
fixed locations in order of
warehouse outflow frequency.
Shortens the time to
operate the warehouse
inflows and outflows;
more suitable for
warehouse zone
management.
High investment; operation
has high demands for
intelligence and
informatisation.
After summarising these storage strategies and principles for location assignment and considering
the attributes of flood control materials, we decided to adopt the class-based fixed location storage.
Given that flood control materials are characterised by few varieties, large quantities, low warehouse
inflow and outflow frequencies, and strong constraints on warehouse outflow timeliness and response
time, a class-based storage strategy is mostly appropriate for such materials. The strategy begins by
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sorting the materials, followed by a fixed location storage by considering attributes such as materials
correlativity and utilisation frequency. The class-based storage strategy is critical for improving the
warehouse outflow efficiency of the flood control materials and increasing the ability to provide
support [27].
3. Class-Based Storage Model for Flood Control Materials Based on Grey Clustering
Grey clustering is a method for segregating observations (or subjects) based on a grey incidence
matrix [28]. Based on grey clustering, the class-based storage model for flood control materials
was constructed by comprehensively considering the three factors of such materials, namely,
their importance, reserve, and cost, to improve the scientific basis for the class-based storage for
flood control materials.
Assuming m observations and every observation having n attribute data, the following sequence
is obtained:
X1 = (x1(1), x1(2), . . . , x1(n))X2 = (x2(1), x2(2), . . . , x2(n))Xm = (xm(1), xm(2), . . . , xm(n)) (1)
The observation subjects X1−Xm have similar lengths and are not zero. Accordingly, the following
equations are obtained:
X0i =
(
x0i (1), x
0
i (2), . . . , x
0
i (n)
)
X0j = (x
0
j (1), x
0
j (2), . . . , x
0
j (n)) (2)
X0i and X
0
j represent the starting-point annihilating images of Xi and Xj, in which X
0
i = Xi −
xi(1), X0j = Xj − xj(1) (i = 0, 1, 2, . . . , m; j = 0, 1, 2, . . . , m). X0i and X0j are actually the sequence of n
− 1 values. Taking X0i as an example, we can use a broken line graph to present the n − 1 values, as
shown in Figure 1. The broken line connects points xi(2)− xi(1), xi(3)− xi(1), . . . , xi(n)− xi(1). It is
clear that this line is made sectionally continuous.
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Let
si =
∫ n
1
(X0i − X0i (1))dt (3)
si − sj =
∫ n
1
(X0i − X0j )dt (4)
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Hence, the absolute degree of grey incidence of Xi and Xj can be defined as
γij =
1+ |si|+
∣∣sj∣∣
1+ |si|+
∣∣sj∣∣+ ∣∣si − sj∣∣ (5)
The upper triangular matrix calculated is as follows:
A =
 γ11 · · · γ1m. . . ...
γmm
 (6)
where γii = 1(i = 1, 2, . . . , m).
Taking the threshold value r ∈ [0, 1], r > 0.5 is generally required; when γij ≥ r (i 6= j), Xi and Xj
can be grouped into one class. The value of r can be determined based on the specific situation
and actual need, and an r closer to 1 indicates a narrower class and fewer materials in each class,
accordingly. A smaller r indicates a broader class and, accordingly, in this case, more materials in
each class.
4. Case Study
4.1. Case Warehouse
To emphasize the issues of the class-based model in Chinese flood control material reserve
management, a case study was conducted.
The Jiangsu Provincial Hydraulic and Flood Control Material Reserve Center (HFCMRC) is a
specialized establishment for flood control material reserves and their transportation in the Jiangsu
Province, taking charge of reserving, management, allocation, and transportation of central and
provincial flood-control material, and acting as a provincial flood control material reservation and
management unit with the strongest emergency security capability in China, providing flood-fighting
material support for flood control, disaster relief, and severe sudden disasters. HFCMRC has set up
six provincial flood control material reserve warehouses including one central- and provincial-level
flood-fighting warehouse in Zhenjiang. The Zhenjiang Warehouse, founded in the 1970s, is a the
key warehouse in the Jiangsu province for flood-fighting material reserve, a central-level designated
warehouse which is a flood control material reserve, a warehouse with the biggest scale and the most
complete material varieties in Jiangsu Province, and the only central- and provincial-level flood-fighting
material warehouse in Jiangsu Province. It is one of the most representative flood-fighting material
reserve warehouses in China. For this reason, this study chose the HFCMRC Zhenjiang Warehouse as
the case study example.
HFCMRC Zhenjiang Warehouse currently stores the following varieties of material: rubber dinghy,
assault boat, life vest, outboard motor, woven bag, colour strip cloth, geotechnical cloth, square timber,
lumps of wood, steel wire tuck net, tent, flood-control work light, generator unit, etc., fitted with
mechanical equipment and auxiliary lighting facilities of all kinds. Zhenjiang Warehouse has completed
tasks in flood control and emergency response in the Jiangsu Province in all the previous years and the
allocation and transport of rescue supplies for the Wenchuan earthquake in 2008. It has been praised
by State Flood Control and Drought Relief Headquarters and the Jiangsu Provincial Flood Control
and Drought Relief Headquarters for its positive and significant contributions to the victories of flood
control and emergency response.
Interviews, document analyses, and observations were conducted for the data collection of this
case study. A series of face-to-face semi-structured interviews with managers and staff members
from the flood control governments, food control materials governments, and food control materials
enterprises were conducted.
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4.2. Classification of Flood Control Materials
The case warehouse currently has 14 types of provincial-level flood control materials in reserve,
including block stones, metal wire nets, line throwing apparatuses, woven bags, tents (specially
made for flood control), lighting vehicles, geotextiles, filter pads, life jackets, assault boats, dinghy,
outboard motor, power generators, and wood. Among these items, the dinghy is made of rubber
and must be kept at a constant temperature. Given this special requirement, the rubber dinghy is
not considered in this paper because it is typically stored in a warehouse at a constant temperature.
The outboard motor and rescue boats must be used as a package and, thus, are typically stored together.
Considering the factors above, we selected 12 types of widely universal and highly practical materials
to study in this paper. For this paper, we consider only the assault boat class, and the associated
outboard motor class is adjacently stored. The selected key flood control materials are block stones (X1),
metal wire nets (X2), line throwing apparatuses (X3), woven bags (X4), tents (specially made for flood
control) (X5), lighting vehicles (X6), geotextiles (X7), filter pads (X8), life jackets (X9), assault boats (X10),
power generators (X11), and wood (X12). Statistics on the 12 classes of the Jiangsu provincial-level
flood control materials are shown in Figure 2. The utilisation frequency is shown in Figure 3.
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Figure 2. The t ti ti on the 12 clas es of the Jiangsu provincial-level fl od control materials.
The proportion of quantity: the proportion of the amount of flood control materials in the total amount
of provincial-level flood control materials in HFCMRC Zhenjiang Warehouse. The ratio of amount: the
proportion of funds for flood control materials procurement in the total funds for provincial-level flood
control materials procurement in the HFCMRC Zhenjiang Warehouse.
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4.3. Class-Based Evaluation Index System
A three-tier d comprehensive class- tion index system for fl od control materials
was constructed. Level 1 is the final target le l, t ree Level 2 indices. The Level 2 indices
include the importance (B1), reserve (B2), an 3 t aterials. Importance (B1) is the degree
of importance of the flo d control materi l , ( 2) is the reserve attribute of the flood control
materials, and cost ( 3) is the cost attribute of the flood control materials. E ery Level 2 index
can be further segregated into three levels of evaluation indices, including eight evaluation indices,
such as urgency of demand (C1), shortage and loss (C2), utilisation frequency (C3), reserve life (C4),
warehousing requirement (C5), purchasing costs (C6), transportation costs (C7), and storage costs (C8).
See Figure 4 for details.
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i . l i i t l ss- s el f r flood control aterials.
Experts fo evaluating the weight and index ainly ca e fro the relevant ad inistrative
depart ents related to flood control, as well as fro rescue work, all-level units in reserving flood
control materials, and research institutions. Weight and index evaluation are carried out by the Delphi
expert method by 20 experts. Ultimately, three Level 2 weighted indices were derived: the weighted
indices of importance w1 = 0.5, the weighted indices of reserve w2 = 0.3, the weighted indices of
cost w3 = 0.2. The scoring of the evaluation sets was obtained through consultation and face-to-face
discussions with experts to give the experts a full understanding of the construction of the class-based
index system for flood control reserve materials and its significance.
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4.4. Grey Clustering Calculations
Based on the class-based index system previously constructed, the Level 3 indices were quantified
using the Delphi method, a 10-point expert scoring method: 10 points for very high, 8 points for high,
5 points for moderate, 2 points for low and 0 points for very low. The overall scores of the 8 Level 3
indices of the 12 classes of flood control materials are presented in Table 2.
Because the Level 3 evaluation index C5 is a negative index relative to the Level 2 index,
the reversion value 10−C5 is used when performing the conversion of the Level 3 evaluation index to
the Level 2 index. Hence,
B1 =
1
3
(C1 +C2 +C3)w1
B2 =
1
2
(C4 + 10−C5)w2
B3 =
1
3
(C6 +C7 +C3)w3
The weighted overall scores of the three Level 2 indices for the 12 classes of flood control materials
obtained are presented in Table 3.
Table 2. The overall scores of the 8 Level 3 indices of the 12 classes of flood control materials.
Subitem C1 C2 C3 C4 C5 C6 C7 C8
X1 9.7 9.8 9.9 10 2.15 3.05 4.9 4.05
X2 8.89 6.3 7.35 9.8 6.05 5.15 5.9 5.45
X3 5.6 4.85 3.8 3.5 7.15 4.05 5.15 5.75
X4 7.85 6.55 8.35 3.35 6.05 3.35 3.2 4.85
X5 7.9 7.05 9.5 3.65 6.9 5.45 5 6.85
X6 3.95 3.65 2.9 3.95 6.05 4.25 5.15 6.15
X7 4.65 3.35 2.9 3.5 6.2 4.75 5.3 5.4
X8 8.7 7.25 6.1 4.9 7.2 6.45 4.4 6.65
X9 6.7 6.4 3.05 8.5 8.35 7.6 6.4 6.3
X10 8.5 7.7 4.7 9.1 8.95 8.8 7 7.5
X11 7.35 6.15 4.35 8.75 7.75 9.4 7.5 7.85
X12 4.1 2.15 2.6 7.5 5.9 3.95 3.2 4.7
Table 3. The weighted overall scores of the 3 Level 2 indices for 12 classes of flood control materials.
Subitem B1 B2 B3
X1 4.90 1.82 0.80
X2 3.76 2.38 1.10
X3 2.38 1.60 1.00
X4 3.79 1.41 0.76
X5 4.08 1.58 1.15
X6 1.75 1.50 1.04
X7 1.82 1.46 1.03
X8 3.68 1.82 1.17
X9 2.69 2.53 1.35
X10 3.48 2.71 1.55
X11 2.98 2.48 1.65
X12 1.48 2.01 0.79
The absolute degrees of grey incidence between Xi and Xj (∀i ≤ j(i, j = 1, 2, . . . , 12)) were
calculated, and an upper triangular matrix for Level 2 indices is presented in Table 4.
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Table 4. The upper triangular matrix for the Level 2 indices.
Subitem X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 1 0.86 0.74 0.64 0.89 0.75 0.64 0.64 0.82 0.75 0.63 0.90
X2 1 0.93 0.91 0.86 0.80 0.90 0.99 0.73 0.64 0.68 0.81
X3 1 0.97 0.74 0.77 0.92 0.97 0.78 0.89 0.77 0.80
X4 1 0.84 0.79 0.96 0.92 0.88 0.72 0.65 0.84
X5 1 0.75 0.64 0.64 0.92 0.75 0.63 0.80
X6 1 0.66 0.65 0.87 0.97 0.95 0.83
X7 1 0.98 0.87 0.79 0.5 0.74
X8 1 0.66 0.78 0.87 0.73
X9 1 0.79 0.65 0.85
X10 1 0.97 0.72
X11 1 0.72
X12 1
According to the incidence matrix, combined with the actual management of flood control
materials, the threshold value r = 0.90 is used. In the table, r ≥ 0.90 indicates that there is a strong
incidence between the two classes of flood control materials that can be grouped into one for partitioned
storage management.
The clustering results based on Level 2 indices are as follows:
S1 = {X1, X12}
S2 = {X2, X3, X4, X7, X8}
S3 = {X5, X9}
S4 = {X6, X10, X11}
To further highlight the attributes of all the classes of the flood control materials, they are further
divided according to Level 3 evaluation indices. According to Table 2, the absolute degrees of the grey
incidence of Xi and Xj (∀i ≤ j(i, j = 1, 2, . . . , 12)) were calculated, and the upper triangular matrix for
Level 3 evaluation indices was obtained, as presented in Table 5.
Table 5. The upper triangular matrix for the Level 3 evaluation indices.
Subitem X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11 X12
X1 1 0.90 0.58 0.51 0.89 0.78 0.64 0.67 0.87 0.68 0.72 0.55
X2 1 0.90 0.99 0.79 0.86 0.68 0.71 0.77 0.81 0.78 0.56
X3 1 0.92 0.60 0.64 0.77 0.73 0.60 0.58 0.67 0.80
X4 1 1 0.85 0.68 0.71 0.86 0.82 0.77 0.56
X5 1 0.86 0.68 0.72 0.97 0.81 0.78 0.56
X6 1 0.75 0.80 0.88 0.90 0.95 0.58
X7 1 0.93 0.69 0.65 0.83 0.66
X8 1 0.73 0.68 0.88 0.63
X9 1 0.89 0.80 0.56
X10 1 0.93 0.55
X11 1 0.60
X12 1
Based on the calculations, the results of the final grey clustering analysis are as follows:
S1 = {X1}
S2 = {X2, X3, X4}
S3 = {X7, X8}
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S4 = {X5, X9}
S5 = {X6, X10, X11}
S5 = {X12}
4.5. Results Analysis
(1) The attributes of X1, X12 are prominent and are separated from the other classes. At the same
time, according to the Level 2 indices, because X1 and X12 have a relatively high correlation (0.9),
we may consider grouping these two types of materials, namely block stones and wood, into one class,
placing them in the outfield and sheltering them from rain.
(2) X2, X3, X4, X7, X8 can be grouped into one class. We can see from the results of classifying the
Level 3 evaluation indices that the absolute degrees of incidence of X2 and X3, X2 and X4 are 0.90
and 0.99, respectively, whereas the degree of incidence of X7 and X8 is 0.93. However, the results of
classifying Level 2 indices show that the absolute degrees of incidence of X2 and X3, X4, X7, X8 are 0.93,
0.91, 0.90, and 0.99, respectively. After an overall consideration, we should group metal wire nets,
line throwing apparatuses, woven bags, geotextiles, and filter pads into one class. Their common
attributes are low costs, high utilisation frequency and low reserve requirements.
(3) The degrees of incidence of X5 and X9 in Level 2 indices and Level 3 evaluation indices are
0.92 and 0.97, respectively, allowing them to be grouped into one class. Tents and life jackets have the
highest utilisation frequency, and their cost levels and reserve requirements are average. They rank
relatively high in terms of importance.
(4) X6, X10, X11 can be grouped into one class. The degrees of incidence of their Level 2 indices
are 0.97, 0.95, and 0.97, and the degrees of incidence of their Level 3 evaluation indices are 0.90, 0.95,
and 0.93, so we can group lighting vehicles, assault boats and power generators into one class, They are
characterised by a high importance and relatively high costs.
4.6. Strategy Recommendation about Flood Control Materials Classified Storage
In provincial flood control materials storage warehouses, the above materials are classified and
stored according to factors such as importance, reserve, cost, and etc., such as putting metal wire nets,
line throwing apparatuses, woven bags, geotextiles, and filter pads these similar materials together,
storing tents, life jackets, and etc., in the same area, and placing lighting vehicles, power generators,
and assault boats in the same area, etc. Then we locate the storage according to the size of the material.
It is more appropriate to adopt a simple location storage strategy because flood control materials are
generally relatively large and the frequency of storage is low.
5. Conclusions
By means of grey cluster analysis and evaluation, this paper comprehensively considers the
three factors affecting the importance, cost, and reserve of flood control materials, and constructs
a comprehensive evaluation index system of three levels of flood control materials based on the
correlation between different types of materials. Taking the Zhenjiang Sub-center Storage of Flood
Control Material Reserve Center of Jiangsu Province Water Resources for an example, we divide
the flood control materials into four categories. By storing various types of materials in categories,
it proposes classification storage strategies and classification management strategies to provide a
scientific basis for flood control materials for the Jiangsu Province.
In the process of applying grey clustering analysis to the classified storage strategy of flood
control materials, the following factors should be considered: (1) rationality of the index selection;
(2) rationality of calibrating clustering weights and clustering coefficients; (3) the accuracy of model
establishment, etc., to ensure the reliability and accuracy of the evaluation results. On the one hand, it is
necessary to comprehensively and systematically understand the main factors affecting the classified
storage strategy of flood control materials by investigating a large number of process examples,
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and making a scientific analysis and summary to form clustering indicators. On the other hand,
it is necessary to learn from the experience of flood control materials storage, conduct a detailed
investigation, analysis, and evaluation of existing experience strategies, and use mathematical tools to
construct appropriate models to properly calibrate clustering weights and clustering coefficients so
that the clustering calculation results are closer to the actual situation of flood control materials storage
management. In this paper, only a few of the main factors are considered comprehensively. If the
other factors can be considered more systematically, the applied method can give superior results to
common sense, and the clustering results will be closer to the actual situation of flood control material
reserve management.
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